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Image transfer through coherent population trapping based on
an atomic ensemble

Zhen-Hai Han(韩振海)1 and Dong-Sheng Ding(丁冬生)2,3,†

1School of Physics and Mechanical & Electrical Engineering, Hexi University, Zhangye 734000, China
2Key Laboratory of Quantum Information, University of Science and Technology of China, Hefei 230026, China

3Synergetic Innovation Center of Quantum Information & Quantum Physics, University of Science and Technology of China, Hefei 230026, China

(Received 15 July 2016; revised manuscript received 24 August 2016; published online 15 November 2016)

We report on an experiment on transferring an image through coherent population trapping (CPT) effect in a hot
rubidium vapor. We demonstrate experimentally that an image can be transferred from a control light to a probe light.
Moreover, we describe the demonstration that the image can be transferred from a control light to two different probes
showing a feasibility of transferring an image onto multiple probes. We believe that this effect definitely has important
applications in image metrology, high dimensional information transfer in quantum information field, etc.
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1. Introduction
The ability to optically control an image is very impor-

tant for biology imaging,[1] medical imaging,[2] etc. Mod-
ern optical techniques allow us to arbitrarily manipulate light
carried images by using atoms based on electromagnetically
induced transparency (EIT) or coherent population trapping
(CPT).[3,4] These effects have been widely used in the scope
of light-matter interactions, such as the preparing of entangled
photon pairs,[5–11] slowing and stopping of a light pulse,[12–14]

and very recently, the manipulating of an optical image,[15–17]

the storing and retrieving of image.[18–23] Constructing a tech-
nique of spatial multiplex imaging based on interaction be-
tween light and matter holds a promise in multiple images
quantum information processing. Here, we report on an ex-
periment on image transfer based on CPT effect. Because the
property of medium is spatially modulated and dependent on
the structure of the control field, an image imprinted in a strong
control beam is transferred into a weak probe field. Further-
more, we demonstrate experimentally that the image can be
transferred from a control light to two different probe fields,
thus showing the ability to transfer multiple images. We be-
lieve that this effect definitely has potential applications in im-
age metrology, high-dimensional information transfer in quan-
tum information field, etc.

2. Experiment and results
All experiments were performed within the D2 transition

of 85Rb. With a control and a probe beams used in the ex-
periment, the atoms are accurately modeled as a three-level
atom interacting with two lasers. The energy levels diagram
is shown in Fig. 1(a). The Zeeman sublevels of the ground
state 5S1/2 (F = 3) and the excited state 5P3/2 (F = 4) form a

three-level lambda system. |1〉 and |3〉 refer to the ground state
and the stable state respectively, |2〉 denotes the excited state.
A weak probe light with Rabi frequency of Ω2 and a strong
control light with Rabi frequency of Ω1 act on the transitions
from |2〉 to |3〉 and from |1〉 to |3〉 respectively. ∆c and ∆p are
the detuning of the control light and the probe light from their
respective transitions respectively. Before trying to perform
the experiment, we first check whether the image transfer is
workable theoretically. The density matrix equation of motion
is

dρ

dt
=− i

}
[H,ρ]−Γi jρi j. (1)

Here, H is the effective interaction Hamiltonian, Γi j (i 6= j) is
the complex decay rate from |i〉 to | j〉 and Γi j (i = j) is the de-
cay rate of ρii. Under the condition of strong control and weak
probe beams, the calculated imaginative part of the element
of the density matrix Im(ρ23) is related to the transmission of
the probe. During the derivation of the above equation, we let
Ω 2

1 +Ω 2
2 = ω2, ∆p−∆c = δ , γ21 = γ23, and ρ33 = 1/2, with

γ21 and γ23 being the relaxation rates at the respective transi-
tions.

In our experiment, a homemade binary mask written digit
“7” is inserted in the control beam, the “7” is transparent, and
the other part of the mask is opaque, therefore our numerical
calculation takes the image of the digit “7” imprinted in the
control beam as an input image, i.e., the control light has the
shape of “7” as shown in Fig. 1(b). The Rabi frequency of con-
trol field is modulated as the structure of “7” by a step func-
tion. Taking the parameters as follows: ∆p−∆c = δ = 0, Ω2 =

2 MHz, γ21 = γ23 = 6 MHz, γ31 = 3 MHz, Ω1 = 200 MHz,
the transmitted probe profile through the Rb cell, calculated
by using Eq. (1), is shown in Fig. 1(c). It is very clear that
there is almost the same image imprinted in the probe beam
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as the image imprinted in the control beam. The transmission
property of the medium is structured by the control field due to
the atomic coherence of atoms, which makes the transparency
of the probes dependent on the structure of the control field.
So the image in the control beam can be transferred into the
probe beam in principle. Here, we omit the Doppler effect
for simplicity of calculation. The more detailed calculations
about the image transfer can be found in Ref. [24], in which
the dynamic propagation behavior of image is investigated via
Maxwell’s equations.
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Fig. 1. (color online) (a) Energy diagram of the 85Rb atom. (b) The image
of the mask imprinted in the control beam (b) and the transferred image in
the probe beam (c) calculated from Eq. (1).

Next, we consider how to realize an image transfer in the
experiment. The experimental setup is depicted in Fig. 2. A
laser at 780-nm wavelength, from an external cavity diode
laser (DL100, Toptica) stabilized to the 5S1/2 (F = 3) →
5P3/2 (F = 4) transition of 85Rb atom, is divided into two
beams with perpendicular linear polarizations, i.e., the con-
trol beam and the probe beam, by using a 1/2 waveplate and a
polarization beamsplitter. The control beam passes through a
homemade mask written digit “7”, and the “7” is transparent
as mentioned above and the other part of the mask is opaque.
Therefore the control beam has a shape of the mask. Several
lenses (L1–L5) with different focus lengths are used to make
the image propagate parallelly through an Rb cell to reduce
the diffraction. The control beam has a waist of 6 mm and can
cover the mask. The probe beam has a waist of 4 mm. Simi-
larly, two lenses (L6 and L7) with different focus lengths are
used to make the probe propagate parallelly through the Rb
cell too. The control and probe beams are arranged to counter-
propagate through the Rb cell in order to reduce the noise.
Two 1/4 λ waveplates before the cell convert the control and
probe polarizations into the left and right circularly polarized
beams respectively, and these circularly polarized beams are
converted into linear polarizations again after the cell. The

probe beam is separated from the control beam by using a po-
larization beamsplitter and its spatial intensity distribution is
monitored by an imaging system, which consists of the lens
L8 and a CCD camera (a commercial product which is usually
used to monitor atom fluorescence). The Rb cell is 5-cm long,
which contains pure 85Rb and is placed within a three-layered
magnetic shield.
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Fig. 2. (color online) Experimental set-up for the image transfer from con-
trol field to probe field. The solid line represents the path of the probe beam
and the blue line denotes the path of the control beam. PBS: polarization
beamsplitter, λ /2: half waveplate, L1–L7: lenses, and λ/4: quarter wave-
plate.

In the experiment, when we monitor the CCD, we find
that the image of the mask appears in the probe beam, which
means that the image of the mask imprinted in the control
beam is transferred to the probe beam. Figure 3 shows an im-
age obtained by CCD in the probe beam under the condition
of the control power of 3.85 mW, probe power of 300 µW, and
the temperature of the Rb cell of 58 ◦C. If we block the con-
trol, the probe beam is absorbed completely, and nothing can
be obtained by CCD. So figure 3 clearly shows that the image
of the mask can be transferred from the control beam to the
probe beam.

Fig. 3. (color online) Transferred image from the control beam to the
probe beam under the condition of control power 3.85 mW, probe
power 300 µW, cell temperature 58 ◦C.

The image shown above is clear, but is smoothed, and
the sharp edges of the image are softened. A main reason is
the diffractive effect of light during the propagation. Any im-
age imprinted on the probe beam and propagating in the free
space will undergo a paraxial diffraction spreading and eventu-
ally blurs. In addition to the regular free space diffraction, the
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probe beam with image is slowed because CPT effect under-
goes diffusion due to the atomic motion in the Rb cell, which
makes the image further distorted.

Next, we consider the experiment in which there are two
different probe beams. In this experiment, the mask is still in
control beam. In contrast to the scenario in the above exper-
iment, the probe beam is divided into two beams by a beam-
splitter: probe 1 and probe 2. Both beams with an identical
waist of 4 mm pass through the cell with a small angle. The
angle between two probe beams is 2θ , and the angle between
the control beam and the probe beam is θ , and θ ≈ 1◦. We use
a CCD to monitor separated probe beams 1 and 2. If the con-
trol beam is off, both probe beams are completely absorbed by
Rb cell. When the control beam is on, we find that there is
one image in each probe beam. The experimental results are
clearly shown in Fig. 4. There is small difference between the
images in probe beams 1 and 2, and this difference may orig-
inate from the different optical systems in the probe beams 1
and 2. We believe that this result can be extended to the case
in which more probe beams are used, i.e., the image of the
mask in the control beam can be transferred to many probe
beams. We believe that this result can be found to have very
important applications such as in image metrology, etc. The
images obtained in this case are a little different from the im-
age shown in Fig. 3: the image in Fig. 4 looks bold. The pos-
sible reason is the diffusion effect of the atom. Because there
is an angle between the control beam and the probe beam, the
overlap between them becomes small compared with that in
the counter-propagation case, the diffusion effect has large in-
fluence in non-collinear case. Another possible reason is the
diffractive effect of the probes.

Fig. 4. (color online) Transferred image in probe beam 1 (left) and in probe
beam 2 (right). The cell temperature is about 57 ◦C, the control beam power
is about 3.75 mW, and the each probe beam power is 100 µW.

3. Conclusions
In this work, we report an experiment of all optically

transferring an image based on atomic CPT effect. We find
that the image can be transferred from a control light to a probe
light. Further, we realize the image transferring from a control
light to two probes, giving an ability to transfer an image onto
multiple probe beams. Such experimental results clearly show
some interesting properties of CPT, and we believe that this ef-
fect definitely has important applications in image metrology,
quantum information, etc.
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